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LANL	Organiza,ons	

Slide 2 

Bioscience	spans	9	Divisions	across	LANL	
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LANL:	Leading	Edge	of	Compu,ng	in	
Service	to	the	Mission	

[commodity computing] 

[Hybrid architecture] 
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•  LANL’s HPC mission has always been two-fold: 
•  Provide HPC to execute scientific mission 
•  Advance HPC to help execute future 

scientific mission 

[Small/large 
core memory] 

IBM Stretch 
begat IBM 
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Cray 1 
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Cray XMP 
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Mountain 
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2014 
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[Massive Memory \ 
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Dwave Ising 
2016 

[Quantum 
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•  Core NW mission needs have been major 
   industry driver, but that has changed. 

•  Significant changes in architecture have 
  accompanied the increasing power 

•  Resulted in rich capability of coupling 
  scientific algorithms to varied architectures 
  (i.e. scaling, messaging, and vectorization) 
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Computing Has Always Been a Core Component of the 
Weapons Programs; the Landscape Changed in 1992 



A	,meline	of	LANL	contribu,ons	to	biological	
science	

Flow cytometry was 
invented by Mark 
Fulwyler, LANL later 
became an NIH Flow 
Cytometry Resource in 
1984. 
 

Human Genome Project (HGP) 
begins 

Genome  
databases 
created 
1986: HIV 
1994: HPV 
1996: Influenza 
1998: STD 
1999: Chem-Bio 
 

Launched the High Throughput 
Laboratory Network (HTLN)—a 
collaboration with UCLA for global 
biosurveillance 

Tuberculosis Structural 
Genomics 
Consortium founded 

Bioforensics Analysis 
Research and 
Development Center 
created 

Immunological modeling 

LANL became an 
NIH Stable Isotope 
Resource 
 

National BioWatch 
surveillance program 
begins to monitor 
airborne pathogens 

2006 

2005 

1945 

1953 

1965 

1974 

1982 

1983 

1988 

1980’s-1990’s 

1970 

2000 

LANL was instrumental 
in the HGP mapping of 

Chromosome 16 and 
became one of the 

partner institutions in 
the newly-formed 

Joint Genome Institute 

1990’s 

2004 

Acoustic Flow Cytometer invented, 
resulting in an  
R&D 100 Award and a spin-off 
company, ACS, recently acquired 
by Invitrogen 

2008 

Finished the genetic sequence of  
Trichoderma reesei—a key fungus  
for biofuels since it secretes large 
amounts of cellulase   

2008 

2010 

Complementary 
neutron & X-ray 
crystallography 
used at  
LANSCE-PCS  

2010 

Biofuels consortium  
founded 

2010 

Novel HIV Mosaic vaccine 
(developed by LANL team) 
begins clinical trials 

2011 

LANL-designed Green 
Fluorescent Protein 

reagents used by 
research teams 

worldwide 

2011 

GenBank sequence 
database created to 

archive genetic 
information  

Pioneering in vitro tissue 
models for nanotoxicity studies 

2012 

2012 

Cooperative Threat 
Reduction (DoD and 
DOS) programs to build 
international genomics 
capabilities 

Algae strains 
sequenced for 
biofuels applications 

2012 

2013 

500 genomes finished 
National Laboratory  

Gene Library  
Project 

2000 

Understanding the health 
effects of radiation 



ATOM:	Accelera,ng	Therapeu,cs	for	
Opportuni,es	in	Medicine	

Create a new paradigm of drug discovery that would 
reduce the time from an identified drug target to clinical 
candidate from the current ~6 years to just 12 months. 
 
ATOM will develop, test, and validate a 
multidisciplinary approach to drug discovery in which 
modern science, technology and engineering, 
supercomputing, simulations, data science, and 
artificial intelligence are highly integrated into a single 
drug-discovery platform that can ultimately be shared 
with the drug development community at-large. 



From	RCT	to	retrospec,ve	study.		
A		modeling	requirement	is	born	

RCT have been the gold 
standard for demonstrating 
effectiveness, but is 
increasingly untenable as the 
situation becomes more 
complex (higher 
dimensionality) 
 
But even RCTs can suffer 
from selection bias and 
design flaws, while, with 
proper modeling, 
retrospective analyses not 
only are accurate, but also 
reflect real-world settings. 



Overview:	Uncertainty	quan,fica,on	through	
integra,on	of	diverse	informa,on	

Physical Models 
 

Bacterial transcription initiation 
Gene silencing on histones 

Cell signaling pathways 
Membrane transport 

Alzheimer’s disease & MD 

Data Analytics 
 

HIV databases 
Mosaic vaccines 
Cancer genomics 
Signature-based 
metagenomics 

Decision Support 
 

HCV therapies 
Pandemic simulations 
DoD Biosurveillance 

VA Patient trajectories 

Athena: Experimental multi-organ system for toxicology 
 

High Performance Computing: Practical foundation rooted in multi-
sponsor experience 

The above examples of past work illustrate how models improve 
understanding of biological problems related to pharmaceutical development 

Athena and HPC describe empirical background and HPC capability that will be needed. 



Physical	models	

•  Bacterial transcription initiation complex 
•  Human gene silencing of DNA on histones 
•  Physically-based models of cell signaling 
•  Membranes and transport of Gram negative 

bacteria 
•  Relating simulations of amyloids to Alzheimer’s 

disease 



The bacterial RNA polymerase complexes 
with DNA promoter sites and transcriptional 
regulators such as PhoB, which respond to 
phosphate starvation in a homologous manner 
across the entire bacterial kingdom. 
 
By assembling complexes such as this, it is 
possible to interpret evolutionary conservation 
and covariation statistics mechanistically, 
providing important confirmation of limited 
mutation data. 
 
We have also done this with eukaryotic protein 
kinases, and Oliver Lichtarge (Rice) gas done 
this with GPCRs. 

Molecular	modeling	of	protein	complexes	
enables	interpreta,on	of	bioinforma,cs		



Large-scale	biomolecular	simula,on	of	DNA	
with	histones	on	Trinity	supercomputer	

All-atom model of chromatin HPC simulations on Trinity 

LANL: Karissa Sanbonmatsu, Mike Wall, 
Marcus Daniels, Toks Adedoyin, Wataru 
Nishima, Chang-Shung Tung 
 
RIKEN: Jaewoon Jung, Chigusa Kobiyashi, 
Yuji Sugita 
NYU: Gavin Bascom, Tamar Schlick 

Explicit-solvent simulation tests the bounds 
of large-scale molecular dynamics to 
investigate interplay of topology, entropy, 
and electrostatics to see how covalent 
modifications and DNA sequence-specific 
effects contribute to gene silencing. 



Pathway	models	consistent	with	physical	
chemistry	have	been	extended	via	BioNetGen	

Molecular states are 
defined, accounting for 
both binding and 
phosphorylation 

Parameters are (painfully) related to 
biochemical experiments, and the model is 
then propagated to the time-courses at right, 
where they can be fit to observations of 
system behavior. 



Membrane	protein	simula,ons	

In a multidisciplinary study of efflux pumps in 
Pseudomonas and Burkholderia, we developed an 
atomistic simulation capability of Gram negative 
membranes. 
 
The interplay of influx, efflux, porins, quorum 
sensing, biofilm formation, and changes in gene 
expression was examined both theoretically and in 
laboratory experiments. 



Rela,ng	amyloid	simula,ons	to	Alzheimer’s	
disease	

Relating molecular dynamics simulations to physiology typically requires extensive collaboration, such 
as described in this review article describing how amyloid simulations relate to Alzheimer’s disease. 



Data	analy,cs	

•  HIV databases and epidemiology 
•  HIV databases and vaccine research 
•  Mosaic vaccines 
•  DOE / NCI cancer genomics 
•  Signature-based metagenomics 



HIV and progress in epidemic 
surveillance 

•  Organized sampling 
–  Two years after the establishment of the HIV sequence database, different subtypes were discovered 
–  Viral recombination was characterized 
–  It was recognized that culturing had a severe impact on the virus – only one phenotype could be cultured using standard 

cell lines 
–  Several more to discover the multiple zoonotic events 

•  Quasispecies analysis and intervention 
–  Initial drug resistance mutation surveillance was haphazard, many mutations were unrecognized, as was subtype 

dependence 
–  Statistical technique to link mutations to phenotype changes existed but had never been applied to sequence data 
–  Characterization of within-patient evolution and transmission took hundreds of publications 
–  Recent work linking individual mutations to virus escape vs. lineage effects only possible for a few years 
–  Ultra-rapid evolution and escape (order of weeks) only feasible with ultra-deep sequencing 
–  Mapping of conserved and variable regions important for crystallography, vaccine design, drug design 

•  Surveillance 
–  Epidemiological strain tracking was first applied in the early 90s 
–  Pioneering work in attribution and network tracking 
–  Initial geographical subtype distribution was mapped in the mid-90s (WHO initiative) 
–  New subtypes and recombinants of epidemic relevance are named, published, and mapped 
–  Recombinant composition often gives clues to origin of the strain 

•  New variants are now detected very quickly because of 
–  Knowledge and vigilance in the field 
–  Good, standardized assays at different sensitivity/specificity levels 
–  Scientific interest and rewards 
–  Dedicated infrastructure worldwide (partly due to drug trials & treatment programs) 
–  Dozens of surveillance programs, collaborations and exchange programs between developed and developing world – 

human and simian subjects 
–  Excellent, easy to use repository of existing strains also serves as knowledge and reference hub 



How has this HIV knowledge helped? 

•  Distinguish evolution from recombination (attribution) 
•  Improve assays – detection, viral load – either more specific or more general 
•  Determine host cell specificity for individual virions 
•  Create virus-specific evolutionary model (epidemic age, zoonoses) 
•  Recognize new resistance mutations 
•  Avoid vaccine design mistakes 
•  Target vaccine to geography (could be done, though not a good strategy for 

HIV) 
•  Track sub-epidemics, determine origin of individual samples (prevent/mitigate 

panic) 
•  Monitor treatment efficacy, adapt regimens 
•  Standardize nomenclature and localization (e.g. mutations and epitopes) 
•  Researchers contribute to data repository out of self-interest 



Mosaic vaccine design 

Leading to: 

David Palesch & Frank Kirchhoff 

Mosaic vaccines emerged from LANL’s HIV 
database and associated analyses.  They 
result in synthetic hybrid HIV proteins that 
maximally display commonly observed 
epitopes, and avoid confusing the immune 
system with rare epitopes. 

The concept has 
been successfully 
extended to 
filoviruses, FMD, 
and HCV. 



DOE / NCI Cancer genomics 

Unsupervised clustering of 11,000 TCGA patient 
tumors and 2500 NCI, CCLE, and GDSC cancer 
cell lines on the basis of gene expression. 

As part of the DOE/NCI precision medicine 
initiative, we are applying HPC to three 
problems in cancer medicine: 
•  Personalized genetics & mouse models 
•  Molecular understanding of RAS/RAF 

signaling 
•  Cancer epidemiology through the NCI/

SEER program (registries) 

The graph here provides insight into Q/C of 
cancer cell lines, as well as the most 
important distinctions of tissue type and 
cancer type.  From here, alternative data 
types can be systematically integrated and 
properly analyzed through HPC. 



Signature-based 
metagenomics 

l  k-mers (N-grams, solid patterns) have a long history in both 
biological and natural-language research.  In biology, they are 
physical objects.  

English	 				Science	is	the	great	an,dote	to	the	poison	of	supers,,on.		
French 				La	Science	est	le	grand	an,dote	au	poison	de	la	supers,,on.	
Spanish 				La	ciencia	es	el	gran	an,doto	al	veneno	de	la	supers,cion.	
Dutch 				Wetenschap	is	het	grote	tegengif	aan	het	vergiR	van	bijgeloof.	
German 				WissenschaR	ist	das	grosse	An,dot	zum	GiR	von	Aberglauben.	

	 	 	 	 	 	 	 	---	Adams	

l  Coding fraction is high for microbes 
l  No “silent” mutations-radius of convergence 
l  Functional pressures are mostly on proteins 
l  Protein sequences appear to be random 

strings 
l  10-mers to achieve needed level of 

signficance (< 99.7% non-random matches) 
l  Shared AA 10-mers are shared for a reason 

Amino-acid (protein) rather than nucleotide (DNA): 



Decision	Support	

•  Optimization of HCV combination therapies 
•  Pandemic simulations 
•  DoD Biosurveillance 
•  Patient trajectories 



Viral	dynamics	modeling	to	op,mize	HCV	
combina,on	therapies.	

Provides prediction of combination efficacy 
against HCV and rate of drug resistant strains 
appearing 

Mechanistic infection model plus in-vitro assay 



Models	of	targeted,	layered,	mi,ga,ons	of	a	
pandemic	influenza	run	on	a	LANL	supercomputer.	

Updated model used to support DHS in responding to 2007 
influenza pandemic, with 300,000,000 individuals belonging 
to households, schools, and workplaces, subject to rule-
based mitigations and traveling according to USDoT 
statistics. 
 
A similar framework can account for non-contagious 
disease progressions, with rule-based mitigations. 

Physically meaningful parameters 
lead to specific, interpretable 
outcomes resulting from particular 
decisions.  Uncertainty quantification 
is a major issue. 



Epidemiological	decision	support	for	DoD	
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Supercomputer 
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A suite of modeling tools range from detailed models of behavior changes to 
interactive visualization tools to understand potential impacts of policy changes. 



VA	pa,ent	,melines	
Patient timelines can include multiple data-
types: 
•  Vital signs (blood pressure, weight) 
•  Laboratory results (HbA1c, eGFR, LDL) 
•  Pharmaceuticals (insulin, oral agents) 
•  Hospital discharges, by ICD9/10 codes 

At the VA, EMRs exist back to 2000, and are 
supplemented by numerous types of 
unstructured data, such as clinical notes, 
images, or discharge summaries. 
 
The DOE / VA initiative will examine three 
medical areas – suicide prevention, prostate 
cancer outcome prediction, and cardio-vascular 
health, with a particular emphasis on genetic 
data from the Million Veteran Program. 

An older effort attempts to identify diabetes treatment failure and apportion blame 
among patient attributes, provider attributes, and treatment attributes. 



Athena	and	HPC	

Athena: Experimental multi-organ system 
for toxicology 

 
High Performance Computing: Practical 

foundation rooted in multi-sponsor 
experience 
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Applied Genomics Capabili1es 
LANL Computa1onal Capabili1es and Infrastructure

•  Capabili'es	
•  Languages:	R,	Java,	Perl,	Python,	C++,	etc.	
•  All	mainstream	open	source	soRware	tools	
•  A	mul,tude	of	custom	pipelines	for	analysis		

•  Genome	Science	specific	infrastructure	
•  >100	servers	with	>3000	cores,	>12TB	RAM	
•  ~1.5	PB	storage	space	

•  Notable	resources 		
•  Dell	R910	(40	cores,	1TB	RAM)	
•  2	x	Dell	920	(80	cores,	1TB	RAM)	
•  IBM	X3850	(80	cores,	2	TB	RAM)	
•  LANL	HPC	supercompu,ng	

LA-UR-16-28409		
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